Purpose To evaluate the outcome of frozen-thawed embryo transfer (FET) when freezing takes place at the pronuclear stage, a retrospective analysis was performed comparing spontaneous and artificial cycles. Methods 148 women received FET in a spontaneous cycle (Group A) and 55 women received FET in an artificial cycle (Group B) induced by administering estrogen (E2) and progesterone (P). Pregnancy rates, endometrial thickness and serum levels of E2, P and luteinizing hormone (LH) were measured. Statistical analysis included the mean, the standard deviation, the Chi-squared test and the T-test. Results The clinical pregnancy rate was 34.5% for Group A and 21.8% for Group B (p00.084), with a live birth rate of 20.9% and 12.7% respectively (p00.15). There was no difference in endometrial thickness or the P levels, while LH and E2 levels were significantly higher in group B (p<0.0001). Conclusion Our retrospective study shows a trend towards higher pregnancy rates and live birth rates with the administration of FET during a spontaneous cycle compared to FET during an artificial cycle. Large randomized controlled trials are needed to confirm this trend.
Introduction
Cryopreservation of embryos is widely used after assisted reproduction technology (ART), such as in-vitro-fertilisation (IVF) or intracytoplasmic sperm injection (ICSI), and has become a fundamental part of ART. However, the cryopreservation of embryos is not allowed in Germany. Instead, the pronuclear stages are frozen with a standard slow-freezing protocol.
The advantages of frozen-thawed embryo transfer (FET) are a less invasive procedure for patients, lower costs than ART treatment, and ease of application within a short space of time [10] . Nevertheless, compared to fresh IVF cycles, FET tends to show lower pregnancy rates [7] . Performing FET in a spontaneous cycle is favourable because medication is not used and no adverse events are expected. A further advantage is a significant cost reduction compared to hormone therapy.
Spontaneous FET does have problems however, such as the timing of ovulation in women with an irregular cycle. The date of embryo transfer is difficult to plan and has a higher rate of cancellation than with an artificial cycle [9] . Additionally, endometrial development in the follicular phase is strongly affected by age with a lower pregnancy rate in older women [10] . Administering exogenous estrogen (E) and progesterone (P) in an artificial cycle can be favorable as it allows for easy management, flexibility in timing the FET [1, 2, 18, 24] and has a lower cancellation rate [10] . However, the reported pregnancy rate of a spontaneous FET cycle was often lower, about 22% [16] , than with an artificial FET cycle, up to 36% [4, 23] , though a study by Sathanandan et al. comparing both protocols that was semi-randomized showed no difference [27] .
We retrospectively examined the outcome of spontaneous versus artificial FET cycles to shed light on the controversy as to which protocol is superior.
Material and methods
Subjects This retrospective study evaluated the data of all women who attended the Department of Endocrinology and Reproduction at the University of Ulm between 2000 and 2010 to undergo frozen-thawed embryo transfer (FET) after unsuccessful fresh ART, in which the protocol was GnRH agonist and FSH. Indications for the previous ART were either three unsuccessful intrauterine inseminations, tubal factor (IVF) or a male factor (ICSI). The GnRH agonist protocol using FSH was mainly performed.
Inclusion criteria were women undergoing FET in the spontaneous cycle, administration of human choriogonadotropin (hCG) for final oocyte maturation only and women undergoing FET in the artificial cycle with estradiol (E) in the follicular phase. Exclusion criteria were stimulation protocols with either clomiphene citrate (CC), gonadotrophins, gonadotropin-releasing hormone agonist (GnRHa), -antagonist (GnRHant), or women receiving hCG in the luteal phase.
Out of 1243 FET cycles, 1040 were excluded primarily because different stimulation protocols were used. 203 women met the inclusion criteria, of which 148 received FET in the spontaneous cycle with hCG for the induction of ovulation only (Group A) and 55 women underwent the artificial cycle with E/P replacement (Group B). Each woman underwent only one FET.
FET-protocol The decision to proceed with a spontaneous or artificial cycle was reached through a combination of patient preference and physician guidance. In both protocols, women attended the Endocrinology and Reproduction Unit on day two of their regular menstrual cycle where a transvaginal sonography was performed to exclude any ovarian cysts.
Spontaneous cycle (Group A): Women with a spontaneous cycle did not have any medication during their follicular phase. After exclusion of ovarian cysts on day two of the ovarian cycle a transvaginal sonography was performed on day ten. Subsequently, ultrasounds were performed until the endometrium thickness was at least 8 mm and the main follicle reached 18-22 mm. At this point the ovulation was induced with 5,000 I.E. hCG s. c. self-administered by the patient. FET was performed four days later. The luteal phase was supported with progesterone applied vaginally two days before FET, 600 mg/d (3×200 mg). Artificial cycle (Group B): Women undergoing an artificial cycle started on the first day of their natural menstrual cycle and received transdermal estrogen patches that released 100 μg estradiol per 24 h. Each person used the same protocol during their menstrual cycle: one patch on days 1, 3 and 5; two patches on days 7 and 9; four patches on days 11 and 13; three patches on days 15 and 17; and two patches on days 19, 21, 23, 25, 27, 29 and 31. The transfer was performed on day 17 and required an endometrial thickness of at least 8 mm. If the endometrial thickness was less than 8 mm the transfer was cancelled and shifted to the next cycle. On day 15 of the menstrual cycle, progesterone was started for the luteal phase support (200 mg vaginally three times a day). Estrogen (2 mg estradiolvalerat) was applied orally when patches were not tolerated, with an analogous protocol: one pill on days 1, 2, 3 and 4; two pills on days 5, 6 and 7; three pills on days 8, 9, 10 and 11; four pills on days 12, 13, 14, 15 and 16; and two pills on each day 17 to 31.
All women were screened for endometrial responsiveness using a transvaginal sonography and blood samples were taken to measure levels of LH, E2 and P prior to administration of hCG and before FET in both groups. The embryos were transferred two days after thawing for all women. The transfer was guided under transabdominal ultrasound; the women were advised to rest for 15 min following transfer. The number of embryos transferred was chosen individually by each patient.
The main goal of our study was to demonstrate a difference in clinical pregnancy rates between spontaneous and artificial cycles. Pregnancy was defined as the presence of a fetal heart beat detected by ultrasound. Additionally, subgroup analyses were performed in both groups receiving exactly two embryos. Furthermore, endometrial receptivity, E2, LH and P measurements were compared between the groups.
The quality of each embryo was classified after Hill et al. [14] . A quality score of A or B was classified as good quality in single embryo transfers. If more than one embryo was transferred the combination of AA, AB or BB score was classified as good quality.
Statistical analysis Data were analyzed using Excel and SAS (Statistical Analyzing System). The mean and standard deviation (SD) were calculated. The Chi-squared test and T-test were used to determine differences between the groups. A p-value <0.05 was considered statistically significant.
Results
Study group (Table 1) The mean age was 34.8 and 34.1 in Groups A and B respectively (p00.17). The mean number of embryos per FET in Group A was 2.07 (SD 0.61) and 2.09 (SD 0.59) in Group B. The quality of embryos was best in 70.4% of Group A and 65.2% of Group B (p00.088).
Clinical pregnancy rate and live birth rate (Fig. 1) Out of the 148 women in Group A attending our institution for FET, 51 pregnancies were achieved (a 34.5% pregnancy rate). In Group B a pregnancy rate of 21.8% was achieved (12 pregnancies out of 55 FETs). This apparent lower pregnancy rate in women undergoing an artificial cycle was not statistically significant (p00.07).
In total, Group A (n051/148) and B (n012/55) combined, resulted in 31 (60.7% of clinical pregnancies) and 7 (58.3% of clinical pregnancies) live births, 8 (15.7% of clinical pregnancies) and 2 (16.6% of clinical pregnancies) abortions, and 12 (23.5% of clinical pregnancies) and 3 (25% of clinical pregnancies) women that could not be followed up, respectively.
Mean endometrial thickness, LH, E2 and P (Table 2) Mean endometrial thickness was 9.17 mm in Group A and 9.79 mm in Group B (p00.091, Table 2 ). Mean serum levels of LH were statistically significantly lower in Group A, 10.41 IU/l and 18.31 IU/l respectively (p<0.0001). There was also a significant difference between Groups A and B in the mean E2 level: 231.69 ng/l and 368.53 ng/l (p<0.0001) respectively. No significant difference was shown in the mean P levels: 0.55 μg/l and 0.57 μg/l (p 00.786) for Groups A and B respectively.
Discussion
The results of our retrospective study demonstrate that the live birth rates of the spontaneous and artificial FET cycles are not statistically different, although the data does suggest a trend towards higher pregnancy and live birth rates in spontaneous FET cycles. There are many non-randomized studies comparing artificial and spontaneous FET cycles that show results comparable to ours with a similar number of included cycles [3, 6, 20, 22] , ([3] , n0100), ( [22] , n0164), ( [6] , n0386) and ( [20] , n0212).
Catolli et al. [3] , for example, could not demonstrate different pregnancy rates when comparing artificial (21.4%) and spontaneous cycles (20.4%). Gelbaya et al. [9] evaluated 417 FET cycles, using GnRH in the artificial cycle, and achieved similar pregnancy rates (10.2%) compared to the natural cycle (11.6%). These overall pregnancy rates were far lower than in our study, and in all other studies, making it difficult to take these data into consideration. A Cochrane analysis (2008) concluded that no protocol is superior.
Nevertheless, the 8.2% difference in live birth rates we discovered between our groups is significant for our patients. This would justify a switch from an artificial to a spontaneous cycle, which is also much more patient friendly. In keeping with this, a randomized controlled trial recently found significantly higher pregnancy rates (31.1% vs. 14.3%) in natural FET cycles without any medication, compared to spontaneous FET cycles administering only 5000 IE HCG [8] . In our study HCG was administered for induction of ovulation, but the pregnancy rate was much higher than the 14.3% reported by Fatemi et al. [8] . They argue that administration of HCG may have an unfavorable impact on endometrial receptivity, although LH and HCG act on the same receptor [28] . We cannot confirm this in our results.
Despite the fact that our results illustrated no statistically significant difference between the natural and the artificial cycle, a recent analysis by Hill et al. [15] showed higher live birth rates in 1,391 FET cycles after GnRH following E2 and P (32.2%) compared to the natural cycle (20.4%), with a relative risk (RR) of 1.58. Another study including 1205 women with 1677 FET cycles showed higher pregnancy rates in a programmed FET (artificial cycle) than in a natural FET, though the rate of delivered pregnancies was similar (29.4% vs. 28.4% programmed and natural FET respectively) [11] .
However, the data available at present more often demonstrate similar pregnancy rates than the superiority of either the artificial or the spontaneous cycle.
Application of exogenous estradiol lead to higher E2 levels, measured two days before FET, in our cohort. The question remains whether or not these higher E2 levels influence the pregnancy rate. In our study the pregnancy rate was lower in the artificial cycle with higher estradiol levels. The high concentration of estrogen has been made mostly accountable for the lower pregnancy rate. It has been suggested that high levels of estrogen have an inhibitory effect on embryo implantation [5] . Our measured E2 levels are similar to the those in other publications [1, 12, 26, 30] . Niu et al. [25] suggested that the measured endometrial thickness and the timing of FET is more important than the serum levels of E2. Navot et al. [24] reported that a shortened artificial cycle (5-10 days) and accompanying lower dosage result in lower pregnancy rates. Ma et al. [21] on the other hand stated that E2 levels are critical determinants in transforming uterine receptivity to a refractory state, suggesting the hypothesis that the implantation window closes much faster at higher E2 levels. Furthermore, high levels of estradiol after controlled ovarian hyperstimulation might impair endometrial receptivity [17] . Others found that an altered gene expression profile in the endometrium of women with high estradiol levels might also impair implantation [13] .
Another important consideration is that high pre-ovulatory E2 levels may trigger the mid-cycle LH peak, which is dependent on the estradiol threshold. However, if preparation of the artificial cycle is started very early in the follicular phase (day 1) spontaneous ovulation is usually inhibited [25] . In an artificial FET this mid-cycle LH peak does not have an endocrine or sonographic correlation and therefore cannot be proved [1, 19] . Another question posed is how LH itself affects pregnancy rates. High LH levels may negatively affect endometrial receptivity and implantation since LH receptors are present in the endometrium [29] . In our study the significantly higher LH levels in the artificial cycle group, with lower pregnancy rates, are in accordance with this assumption. Griesinger et al. [12] , however, showed that there is no difference in the pregnancy rate whether LH levels on day 14 are high or low. Therefore we may only state that LH levels are significantly higher in the artificial cycle, though this might not affect pregnancy rates.
One limitation of our study is the different quality of embryos in our groups. The spontaneous group had a higher rate of best quality embryos, which may explain the higher percentage of resulting pregnancies. This difference is not significant and we assume that other unknown factors assist the implantation. Another limitation in our study was its nature as a retrospective analysis rather than a prospective randomized design as well as the small number of cycles included. Nevertheless, retrospective studies are able to show a trend that may initiate prospective randomized trials. Limitations aside, a strength of our study was its monocentric nature with standardized protocols and the same management applied to every cycle.
Conclusion
Our study confirms previous reports that live birth rates are not significantly higher in women undergoing FET in a spontaneous, opposed to artificial, cycle. Further randomized controlled studies are needed to show a significant effect on live birth rates in FET.
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